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Project Overview 

General 
Airtech Environmental Services, Inc. (Airtech) was contracted by Manitowoc Public 
Utilities (MPU) to perform an air emissions test program at their facility located in 
Manitowoc, Wisconsin.  The specific objective of this test program was to perform 
compliance testing to determine the concentrations of total filterable particulate matter 
(PM), and condensable particulate matter (CPM) from the exhausts of two (2), 
circulating, fluidized-bed boilers designated as Boiler 8 (B28) and Boiler 9 (B09). 
 
Testing was performed to meet the requirements of MPU, the Wisconsin Department of 
Natural Resources (WDNR) and the United States Environmental Protection Agency (US 
EPA), as applicable. 
 
Testing was performed on September 9 and September 10, 2014.  Coordinating the field 
portion of the test program were: 

  Thomas Reed – Manitowoc Public Utilities 
  Adam Becker– Manitowoc Public Utilities 

Riley Kloss – Airtech Environmental Services Inc. 

Methodology  
EPA Method 5 combined with EPA Method 202 was used to determine the PM and CPM 
concentrations at each test location.  The total PM concentration was defined as the sum 
of the filterable and condensable fractions.  In EPA Methods 5/202, a sample of the gas 
stream was withdrawn isokinetically from the test location.  PM was collected in a Teflon 
probe and on a glass fiber filter.  CPM passed through the probe and filter and collected 
in a dry impinger system.  Results are expressed in units of grains per dry standard cubic 
foot (gr/dscf) and pounds per hour (lb/hr).  Analysis for filterable PM and CPM was 
conducted at the Airtech laboratory located in Elk Grove Village, Illinois. 
 
To convert the concentrations of particulate to mass emission rates, the volumetric flow 
rate was determined concurrently with each test run using EPA Methods 1, 2, 3 and 4.  
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Parameters 
The following specific parameters were determined at each test location: 

• gas temperature  

• gas velocity 

• carbon dioxide content  

• oxygen content 

• moisture content  

• particulate matter concentration 

• condensable particulate matter 

Results 
A summary of test results is presented in Tables 1 and 2 on Pages 4 and 5. 
 
Proximate and ultimate fuel analysis was conducted on all fuels used during the test 
program.  An Fc factor was calculated based on the mass percentage of each fuel in the 
final fuel feed. The Fc factor used in the final emission calculation was 1,559 scf/mmBtu 
for Boiler B28 and 1,712 scf/mmBtu for Boiler B09.  The results of the fuel analysis can 
be found in the Laboratory Data section of the Appendix.  A summary of the resulting Fc 
factor can be found in the Parameters section of the Appendix.   
 

Submitted by:  Reviewed by:  

 

 

 

 

Cathy Busse, Technical Writer  Michael Hess, CEMS Manager  
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Summary of Results 

Table 1 – Summary of Boiler B28 PM Results 
 
Test Parameters Run 1 Run 2 Run 3 Average 
Date 9/9/2014 9/9/2014 9/9/2014  
Start Time 8:00 10:45 13:20  
Stop Time 10:18 12:57 15:31  
     
Gas Conditions     
Temperature (oF) 286 290 293 290 
Volumetric Flow Rate (acfm) 131,500 129,300 130,200 130,300 
Volumetric Flow Rate (scfm) 87,400 85,400 85,700 86,200 
Volumetric Flow Rate (dscfm) 79,300 77,600 77,500 78,100 
Carbon Dioxide (% dry) 12.3 12.3 12.1 12.2 
Oxygen (% dry) 6.5 6.7 6.9 6.7 
Moisture (%) 9.37 9.27 9.60 9.41 

     
Filterable PM Results     
Concentration (grains/dscf) 0.00137 0.00119 0.00110 0.00122 
Emission Rate, Fc (lb/mmBtu) 0.00248 0.00216 0.00203 0.00222 
Emission Rate (lb/hr) 0.932 0.791 0.732 0.819 

     
Condensible PM Results     
Concentration (grains/dscf) 0.00326 0.00361 0.00390 0.00359 
Emission Rate, Fc (lb/mmBtu) 0.00589 0.00656 0.00721 0.00655 
Emission Rate (lb/hr) 2.22 2.40 2.59 2.40 

     
Total PM Results     
Concentration (grains/dscf) 0.00463 0.00480 0.00500 0.00481 
Emission Rate, Fc (lb/mmBtu) 0.00837 0.00872 0.00924 0.00878 
Emission Rate (lb/hr) 3.15 3.19 3.33 3.22 
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Table 2 – Summary of Boiler B09 PM Results 
 
Test Parameters Run 1 Run 2 Run 3 Average 
Date 9/10/2014 9/10/2014 9/10/2014  
Start Time 7:46 10:38 13:25  
Stop Time 10:00 12:52 15:35  
     
Gas Conditions     
Temperature (oF) 342 338 337 339 
Volumetric Flow Rate (acfm) 227,100 225,000 226,500 226,200 
Volumetric Flow Rate (scfm) 145,100 144,400 145,600 145,040 
Volumetric Flow Rate (dscfm) 132,600 132,600 132,300 132,500 
Carbon Dioxide (% dry) 12.1 13.6 12.2 12.7 
Oxygen (% dry) 7.0 5.1 6.8 6.3 
Moisture (%) 8.67 8.22 9.19 8.69 

     
Filterable PM Results     
Concentration (grains/dscf) 0.00281 0.00117 0.000650 0.00154 
Emission Rate, Fc (lb/mmBtu) 0.00568 0.00210 0.00130 0.00303 
Emission Rate (lb/hr) 3.19 1.33 0.737 1.75 

     
Condensible PM Results     
Concentration (grains/dscf) 0.000829 0.00180 0.00212 0.00158 
Emission Rate, Fc (lb/mmBtu) 0.00168 0.00323 0.00423 0.00305 
Emission Rate (lb/hr) 0.942 2.05 2.40 1.80 

     
Total PM Results     
Concentration (grains/dscf) 0.00364 0.00297 0.00277 0.00313 
Emission Rate, Fc (lb/mmBtu) 0.00736 0.00533 0.00553 0.00607 
Emission Rate (lb/hr) 4.14 3.38 3.14 3.55 
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Test Procedures 

Method Listing 

The test methods found in 40 CFR Part 60, Appendix A and 40 CFR Part 51, Appendix 
M were referenced during the test program. The following individual methods were used: 

Method 1    Sample and velocity traverse for stationary sources 

Method 2   Determination of stack gas velocity and volumetric flow rate (type S pitot 
tube) 

Method 3 Determination of oxygen and carbon dioxide concentrations in emissions 
from stationary sources 

Method 4    Determination of moisture content in stack gases 

Method 5 Determination of particulate matter emissions from stationary sources 

Method 19 Determination of sulfur dioxide, nitrogen oxide and carbon monoxide 
emission rates 

Method 202 Dry impinger method for determining condensable particulate emissions 
from stationary sources 

Method Descriptions 

Method 1 
Method 1 was used to determine the suitability of each test location and to determine the 
sample points used for the pollutant concentration determinations.  Each test location 
conformed to the minimum requirements of being located at least 2.0 diameters 
downstream and at least 0.5 diameters upstream from the nearest flow disturbance. 
 
The Boiler 8 test location was a rectangular, vertical duct with dimensions of 124.75 
inches by 60.0 inches.  Five points were sampled for each of the five test ports.  The test 
ports were located approximately 4.4 equivalent diameters downstream and 
approximately 8.9 equivalent diameters upstream from the nearest flow disturbances.  A 
cross section of the sampling location, showing the sample points, can be found in Figure 
1 of the Appendix. 
 
The Boiler 9 test location was a round, vertical stack with a diameter of 108 inches.  
Twelve points were sampled for each of the two test ports.  The test ports were located 
approximately 3.3 diameters downstream and approximately 2.0 diameters upstream from 
the nearest flow disturbances.  A cross section of the sampling location, showing the 
sample points, can be found in Figure 2 of the Appendix. 
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Method 2 
Method 2 was used to determine the gas velocity through each test location.  A Type S 
pitot tube and an incline plane oil manometer were used at each test location for the 
determination of gas velocity.  A diagram of the Method 2 apparatus is shown as a 
component of the Method 5/202 sampling apparatus in Figure 3 and 4 of the Appendix.  
 
The manometer was leveled and “zeroed” prior to each test run.  The sample train was 
leak checked before and after each run by pressurizing the positive side, or “high” side, of 
the pitot tube and creating a deflection on the manometer of at least three inches H2O.  
The leak check was considered valid if the manometer remained stable for 15 seconds.  
This procedure was repeated on the negative side by generating a vacuum of at least three 
inches H2O.  The velocity head pressure and gas temperature were then determined at 
each point specified in Method 1.  The static pressure of the duct was measured using a 
water filled U-tube manometer.  In addition, the barometric pressure was measured and 
recorded. 

Method 3 
The carbon dioxide and oxygen contents were determined at the test location using EPA 
Method 3.  A gas sample was collected into a Tedlar bag from the dry gas meter exhaust 
of the Method 5/202 sampling trains for the duration of each test run.  Analysis was 
performed using an Orsat gas analyzer.   
 
The gas analyzer was leak checked prior to analysis by raising the liquid levels in each 
pipette to a reference mark on the capillary tubes and then closing the pipette valves.  The 
burette solution was then raised to bring the meniscus onto the graduated portion of the 
burette and the manifold valve was closed.  After four minutes, the pipette meniscus did 
not fall below the reference mark and the burette meniscus did not fall by more than 0.2 
percent, so the leak check was considered valid.  The average of three gas analyses 
determined the carbon dioxide and oxygen contents. 
 
The carbon dioxide content and oxygen content were used, along with the moisture 
content determined in Method 4 to calculate the gas stream molecular weight.  The 
molecular weight was then used for the volumetric flow rate calculations.  For these 
calculations, the balance of the gas stream was assumed to consist of nitrogen since other 
gas stream components are insignificant for the purposes of calculating molecular weight. 

Method 4 
The moisture content at each test location was determined using Method 4.  A known 
volume of sample gas was withdrawn from the source and the moisture was condensed 
and measured.  The dry standard volume of the sample gas was then compared to the 
volume of moisture collected to determine the moisture content of the sample gas. A 
diagram of the Method 4 apparatus is shown as part of the Method 5/202 sampling 
apparatus in Figure 3 of the Appendix. 
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To condense the water vapor, the gas sample passed through a series of four impingers.  
The impingers were charged as outlined in Method 5/202.  The sample train was leak 
checked prior to the test run by capping the probe tip and pulling a vacuum of at least 15 
inches Hg. The sample train was leak checked prior to the test run by capping the probe 
tip and pulling a vacuum higher than the value expected during the run.  A leak check 
was considered valid if the leak rate was less than 0.02 cubic feet per minute.   
 
The volume of dry gas exiting the gas condenser system was measured with a dry gas 
meter.  After leaving the dry gas meter, the sample stream passed through an orifice used 
to meter the flow rate through the sample train.  The pressure drop across the orifice was 
measured with an incline plane, oil manometer.  The gas meter reading, gas meter inlet 
and outlet temperatures, pressure drop and pump vacuum were recorded every 5 minutes.   
 
After the test run, the sample train was leak checked at a value greater than or equal to the 
highest value encountered during the run.  The amount of water collected in the 
condenser system was measured volumetrically and the silica gel measured 
gravimetrically.  The net gain of water was converted to a volume of wet gas and then 
compared to the amount of dry gas sampled to determine the moisture content. 

Method 5/202 
The PM and CPM concentrations were determined at each test location using Method 
5/202.  In Method 5/202, a sample of the gas stream was withdrawn isokinetically from 
the test location.  PM was collected in the nozzle, probe, connecting glassware and filter.  
CPM in the sample gas passed through the filter and collected in a gas condenser system.    
 
To prevent contamination, all components of the sample trains were constructed of glass 
or Teflon with no metal connections.  Prior to testing all the components of the Method 5 
sampling train were cleaned using detergent and then rinsed with tap water, deionized 
water and lastly with acetone.  For the Method 202 sampling train all the components 
were cleaned using detergent and then rinsed with tap water, deionized water, acetone and 
lastly with hexane.  After drying, all components were sealed with parafilm or Teflon 
tape. 
 
The Method 5 portion of the sampling train consisted of a glass nozzle, a Teflon lined 
sample probe and a glass fiber filter.  The probe and filter were maintained at a 
temperature of 248oF (+/- 25oF) to prevent the condensation of moisture.  Sample gas 
passed through the nozzle, the heated probe and then through the heated filter. 
 
After exiting the Method 5 portion of the sampling system, the sample gas passed through 
an EPA Method 23 type glass coil condenser and then through a series of four (4) glass 
impingers.  The condenser was cooled with a water recirculation pump that was placed in 
a water bath.  The recirculation pump and coiled condenser were then used to maintain 
the gas temperature between 65oF and 85oF at the exit of the CPM filter.   Impingers 1 
and 2 were initially empty.  A Teflon fiber CPM filter followed impinger 2.  Impinger 3 
contained 100ml of water.  The fourth impinger contained a known mass of silica gel to 
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absorb any remaining water vapor.  The dry gas exiting the moisture condenser system 
then passed through a sample pump and a dry gas meter to measure the gas volume.  
After leaving the dry gas meter the sample stream passed through an orifice which was 
used to meter the flow rate through the sample train.  The pressure drop across the orifice 
was measured with an incline plane oil manometer.  The Method 5/202 sample train is 
shown in Figure 3 of the appendix. 

Whatman 934-AH glass fiber filters were used as the substrate for the PM sampling.  The 
filter was loaded into a glass filter holder with a Teflon support screen that was cleaned 
and prepared in the same manner as the other components of the Method 5 sample train.  
Prior to the test run, the filter was desiccated for at least 24 hours and then weighed to the 
nearest 0.0001gram (g) until a constant weight was achieved.  The weight of the filter was 
considered to be constant when two consecutive weights taken at least six hours apart 
were within 0.0005g of each other. 
 
The probe liner was thoroughly pre-cleaned with acetone and the probe wash was saved 
as a quality assurance check.  The sample train was leak checked prior to the test run by 
capping the probe tip and pulling a vacuum of at least 15 inches Hg.  A leak test was 
considered valid if the leak rate was below 0.02 cfm.  When not in operation or inside the 
stack, the nozzle was sealed with Teflon tape. 

The probe tip was then placed at the first of the sample points determined in Method 1.  
The velocity at the sample point was determined using Method 2 by reading the velocity 
pressure from the oil manometer.  Sample was withdrawn from the source at a rate such 
that the velocity in the nozzle matched the velocity of the stack gas at the sample point 
(isokinetically).  During the test run the train was moved to each of the Method 1 sample 
points.  The sample time at each point was calculated based on the number of sample 
points and the run time.  The gas velocity pressure, gas meter reading, gas meter inlet and 
outlet temperatures, gas meter orifice pressure and pump vacuum was recorded for each 
sample point.  
 
 After the test run the sample train was leak checked at the highest vacuum encountered 
during the test run.  The sampling train was then moved to the on-site lab and purged with 
zero grade nitrogen at a nominal flow rate of at least 14 liters per minute for a period of 
60 minutes.  Prior to the purge a known volume of degassed water was added to the 
impingers.  The nozzle, probe and front half of the filter holder were washed with acetone 
and the rinse saved in a 250ml glass jar equipped with a Teflon lid.  The glass fiber filter 
was removed from the filter holder, transferred to a Petri dish and sealed.   
 
Upon completion of the purge, the contents of impingers one and two were transferred to 
a pre-cleaned 950 ml sample jar equipped with a Teflon lid.  The condenser coil and all 
connecting glassware up to and including the front half of the CPM filter were rinsed 
twice with deionized ultra filtered (DUIF) water and added to the sample jar.  An acetone 
rinse of the above glassware was performed and saved in a separate pre-cleaned 500ml 
sample jar equipped with a Teflon lid.  Finally, two (2) rinses of the above components 
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were performed with hexane and added to the acetone container. The CPM filter was 
removed from the filter holder and placed in a 20ml glass jar. 
  
Analysis of all sample fractions was performed at the Airtech laboratory located in Elk 
Grove Village, Illinois.  The acetone rinses from the Method 5 portion of the sampling 
train were transferred to tared beakers, evaporated to dryness under ambient temperature 
and pressure conditions, desiccated for 24 hours and weighed to a constant weight.  A 
weight was considered constant when the difference between two consecutive weights, 
taken a minimum of six hours apart, was less than or equal to 0.0005 grams.  The weight 
gain of the glassware rinses and glass fiber filter yielded the total weight of filterable 
particulate collected during sampling.   
 
Inorganic extraction of the CPM filter was performed by placing the filter into an 
extraction tube with DIUF water and placing it into a sonication bath for a minimum of 2 
minutes.  This extraction was done a total of 3 times and the water used each time was 
added to the impinger water container.  After inorganic extraction of the CPM filter, an 
organic extraction of the impinger water was performed.  The entire contents of the 
impinger water sample fraction was placed in a separatory funnel.  A 30 ml aliquot of 
Hexane was added to the funnel and the funnel contents were thoroughly mixed.  The 
organic layer was then allowed to separate from the water and was decanted from the 
funnel into the acetone and hexane sample jar.  This procedure was conducted three (3) 
times to complete the extraction.  
 
The inorganic contents of the separatory funnel were then transferred into a beaker and 
evaporated down to not less than 10 ml final volume at an elevated temperature.  The 
remaining liquid was evaporated to dryness at ambient temperature.  The beaker was 
desiccated for 24 hours and then weighed to a constant weight.  Organic CPM extraction 
of the filter was performed by placing the inorganic extracted filter into an extraction tube 
with hexane and placing it into a sonication bath for a minimum of 2 minutes.  This 
extraction was done a total of 3 times and the hexane used was added to the 
acetone/hexane container.  The contents of this container was transferred into a beaker 
and evaporated to not less than 10 ml.  The remaining fraction was then evaporated to 
dryness at ambient temperature and pressure.  The beaker was desiccated for 24 hours and 
then weighed to a constant weight. 
 
The weight differences for the organic and inorganic fractions were combined to 
determine the total condensible particulate collected.  All fractions of the CPM analysis 
were adjusted for the appropriate field proof blank values. 

Method 19 
The equations in EPA Method 19 were used to calculate the emission rates of various 
pollutants from the test location in units of pounds per million British thermal units 
(lbs/mmBtu).  The calculation was based on the carbon dioxide content of the sample gas 
and an appropriate F factor, which is the ratio of combustion gas volumes to heat inputs. 
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Description of Installation 
Manitowoc Public Utilities (MPU) is an electric cogenerating facility located in the city 
of Manitowoc Wisconsin.  This plant includes two atmospheric pressure, circulating 
fluidized bed (CFB) boilers, designated as Boilers 8 (B28) and 9 (B09).  Boiler 8 was 
installed in 1990, and is permitted to fire coal, petroleum coke, paper pellets, biomass,  
rubber waste derived fuels, natural gas, or other alternative fuels as approved by the 
Department.   The Foster Wheeler Fluidized Bed Boiler is rated at 200,000 lbs. of 
superheated steam per hour at 975 psig and 905 degrees F.  It is equipped with an 
economizer and air preheater and exhausts through a baghouse.  Boiler 9 (B09) was 
installed in 2004, and is permitted to fire coal, petroleum coke, renewable biomass and 
natural gas (start-up and load stabilization.)  The Kvaerner/Mesto Fluidized Bed Boiler is 
rated at 475,000 lbs. of superheated steam per hour at 1,500 psig and 1,000 degrees F.  It 
is equipped with an air preheater and exhausts through a baghouse. 
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